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ABSTRACT 
The urinary bladder of the toad (Bufo marinus) was studied with both the light and the 
electron microscope. The bladder wall consists  of epithelium, submucosa, and scrosa.  In 
the epithelium, four diffcrcnt cell types were recognized on the basis of their fine structurc 
and staining properties with several different dyes.  These four wcre dcsignatcd as granular 
cells,  mitochondria-rich cells,  mucous cells,  and basal cells.  In addition, migratory cells 
of a different type were found in the basal region of the epithelium. The luminal surface 
of the cpithelial cells presents irregular microviUi and is coated by PAS-positive material 
which  has  been further investigated by histochemical  procedurcs  and radioautography. 
Included is a description of the fine structural details of ccll mcmbranes, ccll junctions, and 
intraccllular components. The submucosa consists  of a  delicate stroma of fibroblasts and 
collagen fibers and also contains blood and lymph vcsscls, unmyclinatcd nerves, migratory 
cells, and smooth muscle cells. The serosa consists of a single layer of serosal  (mesothelial) 
cells which form an uninterrupted covering of the viscus.  Possible pathways of sodium and 
water transport across the bladder wall arc discussed. 
INTRODUCTION 
In  mammals,  water  is  conserved  and  the  salts 
excreted, while in amphibia the reverse is true to 
a large degree. Furthermore, with the less efficient 
regulatory mechanism of the  amphibian kidney, 
the bladder functions not merely as  a  receptacle 
for  urine, but also  as  a  reserve supply of water 
under certain circumstances (45). 
The toad bladder has been studied by physio- 
logical methods as a  membrane which transports 
water,  sodium, and other substances under vari- 
ous conditions (4, 5,  11,  15, 21-23). Not only is it 
a convenient organ in which to investigate certain 
aspects  of  absorption,  but  its  relatively  simple 
structure is well suited for morphological correla- 
tions. The toad bladder should be a model system 
for correlating structure and function in a  living 
animal membrane, although there has been little 
attempt  to  do  so.  There  exist  several  classical 
histological papers on the  toad bladder  (20,  25, 
41)  and several recent short reports (8,  9) on the 
fine structure. Pak Poy and Bentley (31) were the 
first  to study changes of the fine structure of the 
toad  bladder epithelial cells when the cells were 
under the influence of Pituitrin. A recent excellent 
paper by Peachey and Rasmussen (34)  describes 
the fine structure of the toad bladder epithelium 
in  considerable detail  and  relates  the  structure 
to water transport in different physiological states. 
The  observations  reported  here  are  in  general 
agreement with this latter paper,  although there 
are some differences in detail and interpretation. 
The present study includes extensive observations 
on the fine structure of the toad bladder and at- 
tempts to provide a  firm morphological basis for 
further experimental studies. 
53 MATERIALS  AND  METHODS 
Eight toads, Bu]o marinus, were used in the course of 
this study. They were kept in laboratory terraria at 
room temperature (22°C) and fed liver by hand twice 
a month. They appeared to be in good health. 
Bladders were fixed in situ by both injecting into the 
lumen of the bladder,  and  applying to  its external 
surface, ice cold fixative  (2  per cent  OsO4  in 0.1  N 
s-eollidine buffer, pH 7.5  (2)).  Portions of the ventral 
wall of the bladder about 1 cm from the midline were 
removed, cut into bits, and placed for 2 hours in fresh 
fixative cooled in cracked ice. Also, portions of  bladder 
were fixed in permanganate (26). The specimens were 
dehydrated in ethanol, embedded in Epon or Araldite 
epoxy resins  (27),  and cut on a  Porter-Blum micro- 
tome. Sections were stained with half-saturated uranyl 
acetate aqueous solution for 2 to 4 hours (46), or with 
lead acetate (12) or Millonig's lead stain (28), and ex- 
amined  in  an  RCA  EMU-2C  electron microscope. 
All micrographs were  taken  on  Kodak  fine  grain 
positive film (47). 
For light microscopy, tissues were fixed in OsO4 and 
embedded in methacrylate.  Sections were cut  1.5 # 
thick  with  a  Porter-Blum  microtome  using  glass 
knives. The methacrylate was dissolved in xylene and 
the tissues were stained by the PAS method followed 
by staining in slightly alkaline  1 per  cent toluidine 
blue in 50 per cent ethanol solution. With this stain 
combination, cytological preservation was good and 
four types of epithelial cells were differentiated easily 
in the sections. Slides were treated with saliva before 
the PAS reaction as a  test for glycogen localization. 
Cellular identification was confirmed on thin paraffin 
sections cut with a Porter-Blum microtome using glass 
knives  after  fixation  with  Zenker-formol,  neutral 
formol, Carnoy's fluid, or alcoholic lead nitrate (24). 
Further characterization of the material stained in the 
PAS procedure was attempted by  bromination and 
acetylation of sections (24).  Hale's colloidal iron pro- 
cedures (29) were also employed. 
In an attempt to label the mucous cells, four toads 
were injected intravenously with  140  microcuries of 
Na2S~O4  (1  #c/gin).  Tissues  were  fixed in  Bouin's 
fluid at  1,  4,  24,  and  48  hours after injection. The 
radioautography was carried out according to the pro- 
cedure  of  B~langer  and  Leblond  as  modified  by 
Everett et al.  (14) using NTB-3 liquid emulsion and 3 
weeks exposure. 
A.  LIGHT  MICROSCOPY 
1.  Epithelium 
When the  bladder wall  is  contracted, the epi- 
thelium is one or two cell layers thick, displaying 
cuboidal or columnar cells. In the distended con- 
dition,  however,  it  becomes flattened  and  squa- 
mous.  The  epithelium rests  on  a  thin  basement 
membrane (arrows, Figs.  1 and 2).  Regardless of 
the degree of contraction, after osmium tetroxide 
fixation  and  PAS-toluidine  blue  staining,  it  is 
possible to distinguish four types of cells constitut- 
ing the  epithelium. These  are:  the  granular  cell, 
the mitochondria-rich cell, the  mucous  cell,  and 
the basal cell. 
Most numerous of all four types is the granular 
cell  (GR,  Figs.  1 and 2), which covers most of the 
bladder surface.  It is distinguished by  a  layer of 
PAS-positive small  granules  (g,  Fig.  2)  just  be- 
neath the luminal surface of the cell. These gran- 
ules are poorly preserved in formalin-fixed paraffin 
sections,  but  are  distinct  after  osmium  tetroxide 
fixation  and  methacrylate embedding.  Although 
PAS-positive, they resist saliva digestion and  are 
basophilic,  but  do  not  stain  metachromatically 
with  toluidine  blue,  regardless  of  the  fixatives 
used,  including  alcoholic  lead  nitrate.  The  PAS 
reaction  is  not  prevented  by  bromination; how- 
ever, the PAS reaction is blocked by  acetylation. 
After  acetylation,  treatment  with  alcoholic  am- 
monia  solution  fully  restores  the  PAS  reaction. 
These  granules  are  darkened  somewhat  after 
osmium tetroxide fixation. There is also a  distinct 
PAS  reaction  at  the  luminal  surface of the  cell. 
This surface layer is also positive to  the Hale re- 
action (Fig. 4), unlike the PAS-positive granules, 
which do not stain with Hale's reagent. No meta- 
chromasia was detected in this layer. 
The second most numerous cell is the mitochon- 
dria-rich  cell,  which  occurs  with  a  frequency  of 
about  one in  eight cells in  the  epithelium  (MR, 
Fig.  2).  It  is  usually  flask-shaped  and  extends 
through the thickness of the epithelium. The con- 
stricted  neck  of  the  flask  opens  to  the  bladder 
lumen, while the body of the flask lies within the 
epithelium and  contains large  numbers of mito- 
chondria.  These  mitochondria show  no  obvious 
orientation or polarity of distribution in thin sec- 
tions; in thick sections, the mitochondria are often 
packed into a  dense mass which obscures cellular 
detail. This cell has few or no PAS-positive gran- 
ules of the type which occur in the granular cell, 
although  there  is  a  strong  PAS  reaction  at  the 
apex of the cell in the form of striae (ST,  Fig.  2) 
oriented  normal  to  the  epithelial  surface.  These 
mitochondria-rich  cells  are  probably  identical 
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decker (41). 
The third cell type is the mucous cell (MU, Figs. 
1  and  2),  which  occurs with  the  same frequency 
as the mitochondria-rich  cells.  This cell has large 
mucous  granules  concentrated  in  the  main  cell 
body  above  the  nucleus,  although  there  is  some 
variation in the distribution  of granules from one 
mucous cell to the next.  The mucous granules are 
PAS-positive (MU, Figs.  1 and 2) and stain meta- 
chromatically  with  toluidine  blue  after  osmium 
tetroxide fixation.  The Hale reaction  is also posi- 
tive  (Fig.  4).  $3504  incorporation  into  mucous 
cells was  uncertain  up  to  4  hours.  However,  24 
hours  after  Na2S3504  injection,  radioautographs 
showed many silver grains over the mucus in these 
cells  (Fig.  3).  There  were  also  a  few  grains  of 
silver over the  epithelial  surface  adjacent  to  the 
mucous cell. 
The fourth  cell type,  the basal cell (BA,  Figs.  1 
and  2),  is small, with basophilic cytoplasm, and is 
located near the basement membrane.  These cells 
have no distinct granular  characteristic,  but have 
small,  deeply staining,  and  often indented  nuclei. 
They  are  interpreted  as  young,  undifferentiated 
epithelial cells. 
~.  Submueosa 
Beneath  the  bascmcnt  membrane  of  the  epi- 
thelium  is a  submucosa  of highly variablc  thick- 
ncss.  It is composed of a loose, interlacing fcltwork 
of collagen bundles  embedded  in a  matrix which 
contains many capillaries and venules, wandering 
cells, nerve fibers, and  thick, distinct smooth mus- 
cle bundles.  Several of these components  arc seen 
in Fig.  1.  The morphology prescntcd  here is dras- 
tically  altered  when  the  bladdcr  is  distended. 
The  smooth  muscle  cells  reveal  a  PAS  reaction 
in  the  perinuclcar  region.  This  reaction  is  pre- 
vented  by prior incubation  with saliva, providing 
evidence for identification  as  glycogen. 
3.  Serosa 
The  scrosa  (SE,  Fig.  I)  consists  of a  thin,  but 
complete,  layer  of  simple  squamous  epithelium. 
The  scrosal  cells have polymorphic  nuclei which 
bulge  into  the peritoneal  cavity.  In some regions 
the  attenuated  cytoplasm  is  partially  obscured 
by  adjacent  collagen  bundles.  There  is  no  other 
evidence  of  specialization.  Characteristic  gran- 
ules are not found in serosal cells. 
B.  ELECTRON  MICROSCOPY 
The  various  ccll  types  described  above  were 
identified in electron micrographs  and  the micro- 
scopic features were vcrificd.  In addition,  certain 
other  details  became  apparent,  particularly  in 
the case of the epithelium. 
1.  Epithelium 
Although microvilli are just visible in the light 
microscope,  it is clearly apparent  in  the  electron 
micrographs  that  the  entire  luminal  surface  of 
the  epithelium is populated  with  short  microvilli 
(Fig.  5).  Likewise,  it  is  easily  seen  that  the  epi- 
thelium is limited from the underlying submucosa 
by  a  thin,  but  complete,  basement  membrane 
(BM,  Figs.  5,  8,  and  9)  which  follows  the  con- 
volutions  at  the  base  of  the  epithelial  cells  and 
which  is  occasionally  interlaced  with  single  col- 
lagen  fibrils from  the  submucosa  (BM,  Fig.  20). 
The four cell types present differences which war- 
rant  individual  treatment. 
The granular cell has dense granules about 0.3 
in diameter  (g,  Figs.  5,  8,  12,  and  18)  situated  in 
a  distinct  layer within several micra  beneath  the 
luminal  surface.  They  reveal  a  suggestion  of  an 
internal  filamentous  structure  (g,  Fig.  12)  under 
high  magnification  and  show  occasionally an  ex- 
ternal  limiting  membrane  with  the  "unit  mem- 
brane"  structure  (39)  (arrows,  Fig.  12).  In  some 
instances, this membrane appears to be continuous 
with  the  plasma  membrane  of the  cell.  Thus  the 
contents  of  the  granule  may  on  occasion  have 
access to the bladder lumen.  The microvilli (Figs. 
5,  8,  and  13)  are rather  short  (0.5  /~)  and  spaced 
about  a  micron apart.  The length and  separation 
vary according to the degree of stretch of the epi- 
thelium.  In  the  dilated  bladder,  the  microvilli 
are  shorter  and  farther  apart  than  in  the  con- 
tracted  state.  The microvilli (MI, Fig.  13)  reveal 
an  irregular,  faint  granular  or  fibrous  internal 
structure  which  appears  confluent  with  a  fila- 
mentous  zone  deep  to  the  cell  surface.  The  cell 
membrane  delimiting  the  microvilli  likewise 
shows  the  "unit  membrane"  structure  (Figs.  11 
and  12),  which  measures about 45  to 50  A  peak- 
to-peak  distance.  Extending  into  the  bladder 
lumen  from  the  outer  surface  of the  microvillus 
is a  pile or nap  of fine filaments  (Fig.  13).  These 
appear  to  be  finer  than  tonofilaments,  perhaps 
20 or 30 A  in diameter, and about 0.5 t~ in length. 
Their  disposition  with  respect  to  the  unit  mem- 
brane of the microvillus is not clear. They appear 
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which Yamada  (48)  described in the gallbladder 
epithelium. These extracellular fine filaments may 
correspond to  the PAS-positive material  in light 
microscopy. The origin of these filaments has been 
assumed  to  be from dense granules  near  the lu- 
minal surface of the toad bladder epithelium (34). 
Possible origin and function of these filaments will 
be discussed later in this paper. 
The lateral surfaces of the epithelial cells inter- 
Explanation  of Figures 
Figs.  1 to 4  are light micrographs of toad  bladder  wall  fixed  in  osmium  tctroxide, 
Bouin,  or  Carnoy  and  embedded in  methacrylate or  paraffin.  Subsequent  figures 
are electron micrographs of toad bladder fixed in osmium tetroxide and  embedded in 
epoxy resins. 
FIGVRE 1 
Survey picture of the full thickness of contracted toad bladder wall, taken from osmium 
tetroxide-fixed, methacrylate-embedded tissue. Slide was stained by  the PAS method 
followed by toluidine blue. Above is the epithelium, showing several cell types. Granu- 
lar  ceils  (GR) with  superficially  located  PAS-positive granules  (black),  basophilic 
cytoplasm, and round or oval nuclei are the most numerous. Three mucous calls  (MU) 
and several basal cells (BA) with small, densely stained nuclei can be seen also.  Mito- 
chondria-rich cells cannot be identified in this picture. Below is the serosa (SE), charac- 
terized by ceils with polymorphic nuclei bulging into the coclom and with pale and 
attenuated  cytoplasm.  In  some  regions,  the  attenuated  cytoplasm  is  obscured  by 
adjacent collagenous fiber bundles. The submucosa varies in thickness. Thicker portions 
contain several blood vessels (BV)  lined by attenuated endothelial cells, smooth muscle 
bundles  (SM),  and  unidentified cellular  elements immersed among the collagenous 
fibers running in various directions. In the thin regions, few cells and lesser amounts 
of collagenous fibers are evident. Arrows indicate basement membrane.  X  800. 
Fmun~. 
Section was prepared the same way as Fig.  1 (oil immersion); lumen at the top. The 
irregularly contoured luminal surface is coated with PAS-positive material. The PAS- 
positive basement membrane  (arrows)  is  seen between epithelium  and  submucosa. 
Four different cell types are easily discernible: granular cells (GR) with PAS-positive 
granules  (g,  black); mitochondria-rich ceils  (MR) with mitochondria  (diffuse gray) 
and few PAS granules in the cell body; mucous cells (MU) showing different amounts 
and  positions of PAS-positive globules; and  basal  ceils  (BA) with lobulated  nuclei. 
Note  the  apical region of the mitochondria-rich cell.  Its  filamentous network  (ST, 
PAS-positive) is continuous with the general luminal surface. Both are coated heavily 
by PAS-positive material.  X  2900. 
FIGURE 3 
A  radioautograph showing several granular cells and one mucous cell 48 hours after 
$8504  administration into  blood  vessel.  Note  distribution of silver  grains;  they  are 
abundant  in  the mucous  cell and  along the luminal  surface of the epithelial cells~ 
especially near the mucous cell, but there are few grains in the cytoplasm of the epi- 
thelial cells.  Fixed in Bouin, stained with hematoxylin and eosin.  X  1000. 
FIGURE 4 
A light micrograph comparable in magnification to Fig.  1, showing the Hale reaction 
in  the  contracted bladder wall.  Positive staining is  seen specifically at  the  luminal 
surface and in the mucous cell (MU). A  faint indication of the basement membrane 
may be seen at the point of the arrow. The tissue was fixed in Carnoy, embedded in 
methacrylate.  Thin  sections (2/t)  stained  with  Mowry's  modification of the  Hale 
reaction.  X  800. 
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tuous boundaries across the epithelium (/,  Figs.  8 
and  18).  A  terminal bar with typical desmosome 
structure  (TB, Figs.  8,  10, and  18)  is found regu- 
larly  between  opposing  cell  surfaces  close  to  the 
lumen.  Tonofilaments  converge  from  tl~e  cyto- 
plasm upon  the desmosome  (DE,  Fig.  18).  Com- 
monly  seen  on  the  luminal  side  of  the  terminal 
bar  is  a  specialization  of  the  two  adjacent  cell 
membranes.  In  this  region,  the  space  between 
the  two  unit membranes  of the  adjoining cells is 
obliterated and  the external dense components of 
the  two  unit  membranes  fuse  to  give  a  central 
dense  line  (arrow  1,  Fig.  10;  arrow,  Fig.  11). 
Where  there  previously  existed  four  dense  lines 
(two from each unit membrane),  a  narrow  dense 
triplet appears.  In pictures at lower magnification 
the  central line  is not always  resolved;  therefore, 
the  structure  appears  as  two  dense  lines  with  a 
region  of  intermediate  density  (about  100  A  in 
width)  between  the  two  lines.  Although  lateral 
cell surfaces  are usually  in close contact with ad- 
jacent  cells,  the  basal  surfaces  of  the  epithelial 
cells frequently show irregular extracellular spaces 
(IS,  Fig.  9)  into  which  cytoplasmic  folds  may 
project, giving the appearance of microvilli. 
The granular cells possess a  Golgi complex  (G, 
Fig.  8),  similar  to  that  found  in  other  epithelia, 
located  lateral  to,  or  above,  the  nucleus.  Mito- 
chondria are frequent but not remarkable. Rough- 
and  smooth-surfaced  endoplasmic  reticulum  is 
occasionally  found  in  the  cytoplasm,  more  com- 
monly at the lateral or supranuclear level. Vesicles 
are  abundant  near  or  along  the  lateral  or  basal 
membranes  of  the  cell,  but  are  sparse  at  the  lu- 
minal  surface.  One  or  two  typical  multivesicular 
bodies  (44)  are  also  found  in  the  supranuclear 
region.  After  Millonig's  lead  stain,  glycogen  is 
found throughout the cytoplasm as dense irregular 
granules  (arrow,  Fig.  18).  Glycogen  particles  ex- 
hibit a  fine  particulate  structure  as described  by 
Revel et al.  (36).  These  subunits consist of dense 
dots approximately  35 A  in diameter  (Fig.  17). 
The mitochondria-rich cell is illustrated in Figs.  5, 
6, 9,  14,  and  15 (MR). These cells have a  variable 
abundance  of  mitochondria  in  their  cytoplasm 
which distinguishes them from the other residents 
of  the  epithelium.  The  mitochondria  occur  pre- 
dominantly  in  the  body  of  the  flask  distributed 
around the nucleus. They vary in size and number 
from one mitochondria-rich cell  to  another,  and, 
although the mitochondria may be the same size 
FIGURE 5 
A  low magnification electron micrograph of the full thickness of the epithelium at the 
folded portion of the toad bladder. The lumen (L) is at the top and down the center. 
At the right lower corner is the basement membrane (BM) and a portion of submucosa. 
The epithelium reveals two layers of three different cell types : granular cells (GR) with 
dense  round  or  oval  granules  (g);  mitochondria-rich  cells  (MR)  showing  flask-  or 
sac-like  shapes;  and  basal  ceils  (BA)  with indented  nuclei.  Luminal  surfaces  of the 
cells  have  irregular  cytoplasmic  projections;  lateral  cell  boundaries  show  irregular 
infoldings. Araldite-embedded, uranyl acetate stain.  X  4200. 
FIGURE 6 
A low power electron micrograph of toad bladder illustrating three different cell types. 
(1)  mucous  cell  (MU)  with dense round  mucous  globules in the rather dense cyto- 
plasmic matrix; at the luminal surface are a  few slender cytoplasmic projections;  (2) 
mitochondria-rich  cell  (MR)  with  tubules  or  intermicrovillous spaces  (arrows)  cut 
longitudinally;  next  to  this  region,  many  dense  vesicles  and  tubules  are  seen;  (3) 
granular  cells  (GR) with  dense  granules.  Araldite-embedded,  uranyl  acetate  stain. 
X  4300. 
FIGUI~E 7 
A  low power electron micrograph showing another type of mucous cell  (MU) which 
has coalesced mucous material in the supranuclear region and a slender stalk from  the 
cell body to the basement membrane  (BM),  where the stalk terminates  in an arbori- 
zation. Araldite-embedded, uranyl acetate stain.  X  4200. 
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never  smaller.  These  mitochondria  usually  con- 
tain  a  few  dense  granules  several  hundred  ang- 
stroms in diameter,  as do  many other mitochon- 
dria.  The matrix often varies in density from cell 
to cell. 
A  second  characteristic  of this cell  is  the  neck 
of  the  flask,  which  protrudes  into  the  bladder 
lumen and is provided with microvilli (MR, Figs. 
5  and 6;  Fig.  14).  The microvilli are highly vari- 
able  in  width  and  length  in  comparison  with 
those of the granular cell.  Sometimes the luminal 
surface membrane with its coating of extracellular 
substance  invaginates  deeply  into  the  apical 
cytoplasm  (MR,  arrows,  Fig.  6;  Fig.  14)  to  give 
the appearance of large tubules and vesicles about 
0.1  to 0.2  bt in diameter.  These intervillous spaces 
or  tubules  give  rise  to  the  apical  striation  noted 
in  these  cells  by  light  microscopy. 
Numerous small vesicles and tubules about 500 
A  in  diameter  also  are  scattered  throughout  the 
cytoplasm  of  these  cells,  but  are  particularly 
concentrated in the neck region  (V,  Figs.  14 and 
15).  Any order in orientation of these small vesi- 
cles  and  tubules  is  not  obvious.  There  is  little 
membranous  endoplasmic  reticulum  in  these 
cells,  but  multivesicular  bodies  (MV,  Figs.  14 
and  15)  have been seen often in the  neck  region. 
The  Golgi  apparatus in  these cells is fragmented 
into  several  units.  Fig.  9  (G)  shows  a  portion  of 
one such Golgi unit. 
The  electron  microscope  observations  of  the 
mucous cell reveal  little  that  is  new  other  than 
what  has  already  been  described  for  these  cells 
(32,  38).  Figs.  6  (MU)  and  7  (MU)  show  such 
cells,  with their content of mucin granules.  After 
Millonig's  lead  stain,  considerable  numbers  of 
particles  presumed  to  be  glycogen  are  found 
between the granules  (Fig.  16). 
The  basal cell (BA,  Figs.  5,  9,  and  20)  is  nor- 
mally  an  inconspicuous,  irregularly  shaped  cell, 
but  in  the  distended  bladder  it  occasionally  ap- 
pears  flattened.  The  cytoplasm is generally more 
dense  than that of the granular cells.  The  nuclei 
of the basal cells often show indentations. Cellular 
components  such  as  mitochondria  and  Golgi 
apparatus  are  found  in  minimum  amounts,  but 
there appears to be an increased amount of intra- 
cellular filaments (f, Figs.  9  and 20)  as  compared 
with the granular cells. 
~.  Submucosa 
The bulk of the submucosa is made up of small 
collagenous  bundles  and  single  collagen  fibrils 
(CF, Figs. 8 and 20) running in various directions. 
These  fibers are  embedded  in  a  substance of low 
electron  opacity  which  reveals  no  structure  at 
this level of resolution.  Narrow or broad conden- 
sations of material of similar appearance are seen 
at cell borders, separated from the cell membrane 
by  a  pale  zone  several  hundred  angstroms  wide, 
to form basement membranes (BM, Figs.  5,  8,  9, 
FIGURE 8 
Micrograph of a  slightly oblique section of the epithelium showing several granular 
cells.  The lumen  (L)  is above and down the center. The basement membrane (BM) 
and collagenous fibers (CF) can be seen at the bottom corners.  The luminal surface 
has irregular microvilli. The terminal bars with desmosome (TB) are also seen. Lateral 
cell boundaries are straight at S, but elaborate infoldings are present at L Dense granules 
(g)  aligned beneath the luminal surface are prominent. Mitochondria are distributed 
mainly next to the dense granules. There are a  few isolated strands of ER with RNP 
particles.  A  Golgi region  (G)  with cisternae and  vesicles can  be seen.  Araldite-em- 
bedded, uranyl acetate stain.  X  8600. 
FIGURE 9 
An electron micrograph showing portions of a basal (BA) and a mitochondria-rich cell 
(MR).  The basal cell  (lower left) lies adjacent to the basement membrane (BM)  and 
contains  an indented  nucleus  (N)  with  a  nucleolus  (arrow),  Golgi region  (G),  and 
cytoplasmic  filaments  (f);  a  few  small  mitochondria  and  vesicles  also  are  seen.  A 
process  of the  basal cell  is  seen extending to  the  right.  The  mitochondria-rich cell 
(upper  right)  also  shows  a  Golgi  region  (G),  numerous  mitochondria,  and  several 
unidentified round bodies (RB). A wide intercellular space (IS) is sometimes found in 
the basal region of the epithelium, as demonstrated by the picture.  Epon-embedded, 
Millonig's lead stain.  X  19,000. 
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capillaries or venules of the A-l-a type, according 
to  the  classification  of  Bennett  et  al.  (3).  The 
endothelial  cytoplasm  forms  a  complete  but 
attenuated lining with many vesicles and caveolae, 
but with no visible pores (EN, Fig. 20). Basement 
membranes  and  pericapillary  cells  are  not  re- 
markable.  Occasional  thin  unmyelinated  nerve 
fibers (NE, Fig. 20)  are encountered, as are sheets 
or processes of cytoplasm (P, Fig. 20), presumably 
extended  from  fibroblasts  or  wandering  cells. 
All the foregoing features are illustrated in Fig. 20. 
Also  found,  but  not  illustrated,  are  lymphatics, 
conforming  to  the  description  given  by  Fraley 
and Weiss (17), with thin endothelial walls which 
have  little  or  no  basement  membrane  and  no 
gaps  between cell junctions.  The  smooth muscle 
cells  contain  cytoplasmic  fibrils,  but  the  fibrils 
are not resolved in the accompanying figure (Fig. 
19).  No  cytoplasmic  connections  to  adjacent 
smooth muscle cells have been seen. Considerable 
amounts of glycogen are found in the perinuclear 
region  after  lead  staining.  This  confirms  the 
findings  from  light  microscopy  using  the  PAS 
reaction described above under Light Microscopy. 
3.  Serosa 
In  the electron micrographs the serosa is  seen 
to be composed of a  single layer of flattened cells. 
The  cytoplasm is  highly  attenuated  both in  the 
FIGURE 10 
A  high power electron micrograph showing the area between two adjacent cells near 
the lumen  (L). At the left are low projections of the adjacent cell surfaces. The unit 
structure of the surface membrane is not apparent over part of the projections where 
obliquity and  a  nap  of external filaments obscure the membrane. The  area  of cell 
contact nearest the lumen appears fused to form a  "tight junction."  In this area, the 
intercellular space appears to be obliterated by fusion of outer dense components of the 
two unit membranes, giving rise to three dense lines  (arrow  1).  Next to  the "tight 
junction" is the terminal bar (TB) with a prominent desmosome. In the terminal bar 
region six continuous linear densities plus a discontinuous central density are apparent 
in the basal or right hand half of the structure. Two of the dense lines on each side 
appear to be continuous with the unit structure of the cell membrane (arrow 2). Associ- 
ated with the terminal bar are intracellular filaments cut in various directions. Epon- 
embedded, uranyl acetate stain.  X  218,000. 
FIGURE 11 
A  high power electron micrograph showing a  "tight junction" area of plasma mem- 
branes near the luminal surface between two granular cells.  At the left a  microvillus 
(MI)  covered by  unit  membrane projects into  the lumen  (L).  The  external dense 
component of each of the unit membranes of the two cells appears to be fused to give 
a central dense line (arrow). Epon-embedded, uranyl acetate stain.  X  178,000. 
FIGURE 12 
A high power electron micrograph showing the surface of a granular cell with a dense 
granule (g) surrounded by a membrane which shows the unit structure (arrows).  The 
enveloping membrane appears to be continuous with that covering the surface of the 
cell. The luminal end (L)  of the granule is devoid of membrane. Note the suggestion 
of a  fine filamentous structure within the dense granules. Araldite-embedded, uranyl 
acetate stain.  X  104,000. 
FIGURE 13 
A  high power electron micrograph showing microvilli  (MI)  and  hair-like filaments 
(antcnnulac microvillarcs) extending into the lumen  (L)  from the microvilli and the 
surface memhranc. The plasma membrane covering the base of the microvillus at the 
left center continues for some distance. A  "tight" junction area  (arrow) where mem- 
branes of two adjacent cells are fused is also seen. Araldite-embcdded, uranyl acetate 
stained.  X  93,000. 
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bulges into the coelom.  The  serosa forms a  com- 
plete  unperforated  sheet,  although  previous  in- 
vestigators  have  suggested  that  this  surface  is 
incomplete  (20,  34).  Despite  its  thinness,  many 
vesicles  are  seen  in  the  serosal  cytoplasm,  with 
caveolae  positioned  at  both  coelomic  and  sub- 
mucosal  surfaces.  Counts  reveal  roughly  equal 
numbers of caveolae at both surfaces. Cells appear 
to  be joined  together  at  their  edges  by  terminal 
bars  (TB,  Fig.  21);  however,  desmosomes  are 
not  found  between  serosal  cells.  Relatively  few 
mitochondria  appear  in  the  serosal  cytoplasm, 
and  these  are  small  and  tend  to  aggregate  near 
the nucleus. There is relatively little membranous 
endoplasmic  reticulum.  The  serosal  epithelium 
rests  upon  a  thin,  but  distinct,  basement  mem- 
brane (BM, Fig.  21). 
DISCUSSION 
Many  epithelia  transport  materials  across  their 
surfaces,  including  water,  ions,  and  various  non- 
electrolytes  (13).  The  transfer is  called  passive  if 
it  can  be  accounted  for  by  ordinary  physical 
forces such as a  concentration gradient, an electri- 
cal gradient,  a  solvent drag,  or  any combination 
of these.  It is called  active if the transport cannot 
be  explained  as  a  result  of  these  forces  but  in- 
volves  participation  of  some  energy-yielding 
chemical reactions  (19).  Instances of active trans- 
port  are  known  to  occur  in  a  wide  variety  of 
animals and organs,  and the mechanism of active 
transport is a  fundamental problem in biology. 
Physiologists  have  demonstrated  that  the  toad 
bladder can accomplish at least passive transport 
of water and urea and active transport of sodiurn 
(21, 22)  and that sodium transport utilizes energy 
derived  both from  glycolysis  and  from  oxidative 
metabolism  (5,  21,  23).  These  studies  indicate 
that  the  transport  rates  rise  considerably  in  the 
presence  of Pitressin.  The  site  of transport,  par- 
ticularly that of the active element, and the site of 
hormone  action  are  not  known  for  certain.  So 
far,  neither  the  mucosa  nor the serosa  has  been 
FIOURE 14 
An  electron  micrograph  showing  the  apical  region  of a  mitochondria-rich cell.  Ir- 
regular microvilli extend into the lumen  (L)  although in this picture the irregularity 
may be accentuated by oblique sectioning. Note a pile or nap of fine filaments (anten- 
nulae)  extending into the bladder lumen from the surface membrane.  The filaments 
appear to be thinner near the cell surface. The cell cytoplasm contains multivesicular 
bodies (MV), many dense vesicles (V), and numerous mitoehondria. Epon-embedded, 
Millonig's lead stain.  M 26,000. 
FIaURE  15 
An electron  micrograph  showing  a  portion of a  mitochondria-rich cell  fixed in po- 
tassium  permanganate.  The  cell  shows  abundant  distinct  vesicles  (V)  and  tubules 
packed  in the apical region.  Numerous  mitochondria,  a  typical multivesicular body 
(MV), and a  nucleus  (N) with double nuclear envelope and pores  (lower arrows)  are 
seen. The granules beneath the surface membrane of granular cells do not retain their 
density  after  short  potassium  permanganate  fixation,  but  their limiting membranes 
remain,  some  of which show  continuity with the surface membrane  (upper  arrow). 
Epon-embedded,  lead  acetate  stain.  X  23,000. 
FIGURE 16 
An  electron  micrograph  illustrating  a  mucous  cell  of the  type  with  large  mucous 
granules and glycogen particles. Between the mucous granules are many dense particles 
which  are  interpreted  as  representing  glycogen.  Epon-embedded,  Millonig's  lead 
stain.  X  19,000. 
t'IGVI~ 17 
A high magnification electron micrograph of glycogen particles seen in the cytoplasm 
of the  granular  cell.  Each  irregularly  shaped  particle  shows  subunits  composed  of 
electron-scattering dots approximately 35 A  in diameter.  Epon-embedded,  Millonig's 
lead stain.  X  220,000. 
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microscopy  has  not  provided  an  answer  (20,  95, 
41).  It  may  be  that electron  microscopy  with  its 
advantage  of  100-fold  improvement in resolution 
will  do  little  better,  but  the  possibility  must  be 
explored.  Peachey  and  Rasmussen  (34)  have 
performed  experiments  which  indicate  that  the 
site  of  passive  water  transport  is  the  epithelial 
cell,  but  they  provide  no  information  regarding 
the  site  of active  sodium  transport. 
Substances  absorbed  from  the  bladder  may 
appear  in  the  coelom  and  lymph  spaces  after 
injection  of  Pituitrin  (15),  or  possibly  appear 
directly  in  the  circulation  by  absorption  in  the 
blood  and  lymph  capillaries  of  the  submucosa. 
Physiological  experiments  usually  involve  the 
study  of transport  across  the  entire  bladder  wall 
from  bladder  lumen  to  coelom,  and  the  discus- 
sion will be directed  toward  this pathway.  Thus, 
it  appears  that  a  penetrating  particle  moving 
from  the  bladder  lumen  into  the  coelom  would 
have  to  pass  the  following  barriers: 
1.  Through  the  epithelium,  taking  at  least  one 
of four possible routes: 
a.  Through  the  granular  cell 
b.  Through the mitochondria-rich cell 
c.  Through the mucous cell 
d.  Through  the  intercellular  space  between 
any of the above cells 
2.  Through  the  basement  membrane  of  the 
mucosa 
3.  Through  the  submucosa  (by-passing  any  of 
the  contained  structures  which  are  con- 
tinuous in only one dimension) 
4.  Through  the  basement  membrane  of  the 
scrosa 
5.  Through  the  serosa,  again  with  the  possible 
choice of: 
a.  Through  the  serosal  (mesothelial)  cell 
b.  Through  the  intercellular  space  between 
serosal ceils. 
Unless  the  pathway  of  substance  is  between 
cells in mucosa or serosa  (1  d or  5 b), it must  pass 
through at least two  cells in those  same layers in 
course of penetration. There are specialized struc- 
tures  placed  in  the  intercellular  spaces  between 
cells which  may  or  may  not  behave  as  diffusion 
barriers.  Between  cells  in  the  epithelium  are 
terminal bars which seem to be continuous girdles 
about the cells,  and which present a  desmosome- 
like  structure  in  cross-section  (TB,  Figs.  8,  10, 
and  18).  On the luminal side of the terminal bar 
is  a  further  specialization  of  the  cell  membrane 
taking the form of a  narrowing of the intercellular 
space to the point that the space seems to vanish. 
The  unit  membranes  which  constitute  the  cell 
membranes  of  the  adjacent  cells  seem  to  make 
contact,  with fusion  of the  external  layers  of the 
unit  structures  to  produce  a  new  zone  showing 
three dense  lines  (arrow,  Figs.  10  and  11),  This 
same pattern appears  under certain  conditions in 
the  myelin  sheaths  of  peripheral  nerve  (the  ex- 
FIGURE 18 
An electron micrograph showing a slightly oblique section of granular cells with dense 
granules  (g).  The lumen  (L) is at the upper left. The dense particles  (arrow)  not as- 
sociated with membranes seen throughout the cytoplasm are probably mostly glycogen 
particles. Desmosomes (DE)  are seen in the terminal bar (TB) and at the cell margins. 
Arrays  of  endoplasmic  reticulum  (ER) and  cell  infoldings  (I)  with  accompanying 
vesicles are evident. At the lower right is an unidentified cell (UC)  with pale cytoplasm 
and a  large nucleus.  Epon-embedded,  Millonig's lead stain.  X  23,000. 
FIGURE 19 
An electron micrograph showing portions of two smooth muscle ceils cut longitudinally 
The  nucleus  (N)  is  indented.  Closely  packed  mitochondria,  multivesicular  bodies 
(MV), and  vacuoles  with myeloid  figures  (MY) are  seen in the pcrinuclcar region. 
Abundant glycogen particles (small dense particles) are also present in this area. Note 
the cell membranes of the smooth muscle fiber. Some portions (arrow 1) are dense with 
very few vesicles, but in other areas  (arrows  2)  the membranes appear  as fine dense 
lines associated  with many vesiclcs.  Two  distinct types of vesiclcs can be seen.  One 
group  consists of many smaller  vesicles of similar size limited  by  a  thin membrane 
(NE). These  are  iutcrpreted  as  nerve endings.  The  other  group  consists of smaller 
numbers of larger vesicles of mixed sizes associated  with the muscle cell membrane. 
Epon-embeddcd, Millonig's lead stain.  X  21,000. 
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and  has recently  been  termed  a  "tight junction" 
by  Farquhar  and  Palade  (16).  Its  function  as  a 
liquid seal has been suggested by Muir and Peters 
(30).  This  may  support  the  suggestion  made 
previously  (31,  34)  that  free  fluid  movement 
through the  "tight junction"  of the  toad  bladder 
epithelium  is unlikely.  After Thorotrast  adminis- 
tration  into  the  bladder  through  the  cloaca,  the 
colloidal  particles  are  seen  to  be  transported 
slowly into the cytoplasm of the epithelial cells by 
vesiculation,  but  no  particles  are  found  in  the 
intercellular  space  below  the  "tight  junction" 
region described above  (10).  Intercellular attach- 
ments  (TB,  Fig.  21)  are  likewise  present  as  con- 
tinuous  terminal bars  between serosal  cells. 
The two basement membranes and  the ground 
substance of the submucosa are unlikely locations 
for  active  transport  because  they  appear  to  be 
extracellular  secretion  products  and  presumably 
have no access to metabolic energ~z sources which 
are  normally  intracellular.  Leaf et  al.  (22)  and 
Leaf  (21)  have  shown  that  10  to  110  mv  trans- 
membrane  potentials  can  be  measured  regularly 
across  the  isolated  toad  bladder  immersed  in 
Ringer's  solution,  with  the  serosal  side  positive 
with respect to the mucosal side. A  current can be 
drawn from this potential source,  and the current 
flowing can be accounted for entirely in terms of 
active  transport  of sodium  ions  from  mucosa  to 
serosa.  Any  cells  within  the  submucosa  actively 
involved in such electrical activity would  have in 
parallel  with  themselves  a  large,  low  resistance 
shunt of ground substance and would  seem  to  be 
improbable candidates for the seat of active trans- 
port or transmembrane potential. 
If it is assumed  that the  transported  substance 
moves  through  the  cells,  then some  of the  intra- 
cellular  structures  described  herein  may  be 
significant. The mucous cell cannot be ruled out; 
Biedermann (6) suggested that the most consistent 
feature  common  to  epithelia  which  generated  a 
potential  was  the  presence  of mucous  cells.  The 
mechanism, however, remains obscure. 
Both  the  granular  cell  and  the  mitochondria- 
rich cell are worthy of consideration as the site of 
transport  processes.  The  granular  cell  is  more 
frequent  by  far,  but  the  mitochondria-rich  cell 
has a  large and obvious supply of oxidative energy 
in the form of abundant mitochondria. There is a 
close morphological parallel with the parietal cell 
of the stomach  (18,  42,  43)  which  is quite  likely 
the source of HC1.  Both cell types have microvilli 
and  a  large  complement  of  vesicles  which  have 
been  associated  previously  with  transport  proc- 
esses (33,  35,  37). 
Intracellular or  transcellular  transport  of both 
electrolytes  and  non-electrolytes  by  a  process  of 
vesiculation  and  membrane  flow  has  been  pro- 
posed by Bennett (1).  Selective ionic transport by 
this  mechanism  must  involve  selective  binding 
near or in the cell surface. The PAS-positive layer 
at the bladder surface might behave as a  cationic 
ion  exchanger  to  be  subsequently  engulfed  by 
FIGURE  g0 
An electron micrograph showing a portion of the submucosa. At the top is a portion of 
a  basal  cell  (BA) showing nucleus  (N),  mitochondria, vesicles,  and  filaments  ~f). A 
homogeneous  basement  membrane  (BM)  is seen  at  the  base of the  epithelium  and 
around the blood vessel. At the lower left is a vessel with three endothelial cells (EN), 
one with a nucleus (N). A few mitochondria and many vesicles arc present in the endo- 
thelial cells.  Note  the subareas of contact  (arrows)between  the  endothelial  cells.  At 
the lower right is  an unmyelinated  nerve in cross-section  (NE).  The  collagen fibers 
(CF)  and the elongated cell process  (P), possibly of a  fibroblast, are also seen.  Epon- 
embedded, uranyl acetate stain.  X  13,000. 
FIGImE 21 
Portions of two serosal cells.  Elongated  processes from two  cells meet  at  TB,  where 
increased density and a narrow intercellular space are interpreted as the terminal bar. 
Note  the numerous vesicles  and  caveolae.  Some  vesicles show  little internal density 
but have a  distinct surrounding membrane which may connect to the cell membrane. 
There are a few small mitochondria with few cristae.  Some of the dense particles scat- 
tered throughout the cytoplasm may be glycogen. The basement membrane (BM) is 
also clearly seen.  Epon-embedded, Millonig's lead stain.  )<  26,000. 
58  THE  JOURNAL  OF  C~LL  BIOLOGY • VOLUME 16,  1963 J.  K,  CrIoI  Toad  Bladder  69 the  cells  of  the  epithelum.  Numerous  attempts 
were made to detect metachromasia with toluidine 
blue on either paraffin- or methacrylate-embedded 
tissue.  Although  the  mucous  granules  of  the 
mucous cells were strongly metachromatic in both 
circumstances,  no  metachromasia  was  detected 
in  the  PAS-positive  layer.  This  negative  result 
would  suggest  that  the  PAS-positive materials  in 
the  mucous  cells and  on the cell surface may not 
be identical, or that the test for metachromasia  in 
the  surface  layer  is  too  insensitive.  However,  the 
positive Hale  reaction  on  the  PAS-positive layer 
and  in mucous cells alike suggests a  close similar- 
ity.  The  $3~O4 labeling  experiment  indicating 
sulfate  incorporation  shows  localization  over  the 
mucous  cell  and  some faint  localization over the 
luminal  surface  of the  epithelium,  but  this  latter 
localization is poor and close to background level. 
Such  sulfated  polymers  might  be  active cationic 
exchange  resins.  Coatings  of such  polymers have 
been  described  as  an  amorphous  layer  rich  in 
mucopolysaccharides  on  the  cell  membrane  of 
active absorbing  cells (7).  However, contributing 
to  the evidence against vesicular transport  in this 
epithelium  is  the  observation  by  Pak  Poy  and 
Bentley  (31)  and  Peachey  and  Rasmussen  (34) 
that  Pitressin,  which  accelerates  both  water  and 
sodium  transfer,  does  not  appreciably  alter  the 
number of vesicles or infoldings. 
The  dense  PAS-positive  granules  which  are 
found  in the granular  cells within several microns 
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